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In the Specification: 

On page 1 after the title insert the following: 



" Cross-Reference to Related Application 

This is a continuation of copending U.S. patent apMi^al^on Serial Number 08/986,327, 

\ \ V 

filed December 5, 1997, which is a reissue of U.S. Patent 5,^173,526 which issued December 5, 
1995 and application Serial Number 231,637, filed April 22, 1998.-- 




In the Claims: 

j^lease cancel without prejudice or disclaimer, claims 1-46. Original claims 1-11 are 
□ bracketed and attached herewith.J 



Please add claims 47-126 as follows: 



■'-4 




m \ j 

i:n 47. A system for efficiently charging and discharging a capacitive load fi-om a single / 

voltage source of a first potential consisting of: 

a first switch for selectively charging the load: 

V 

a second switch for selectively discharging the load: 
plural capacitive eler 




switch means for selecQyem q^ each of the capacitive elements to the capacitive 

load to gradually charge or discharoofthe capacitive load. 

whereby energy is recovered ^m the capacitive load and whereby the recovered energy 
is always stored substantially only in c^acitance. 



48. The invention of claim 47 wherein said switch means includes plural third 

\ 

switches connected between said capacitive elements and said load. 
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49. The invention of claln 48 wherein said switch means includes means for 

selectively activating the first, second and third switches. 

1 

50. The invention of claitn 49 wherein the capacitive load has a first terminal 



connected to the first switch and a second terminal connected to a source of a second potential. 

5 1 . The invention of clainlsO wherein the second switch has a first terminal 
connected to the first terminal of the load and a second terminal connected to said source of a 
second potential. 

52. The invention of claifa 5il wherein each of the third switches has a first terminal 
''z connected to the first terminal of theiload alid a second terminal connected to a first terminal of 

5 TO 

n an associated one of the plural capaciftv^llments. 

53. The invention of claim 52\ljbrein the means for selectivelv activating the first. 



second and third switches includes a finite^^state machine. 

u I 

=^ 54. The invention of claim 53 wherein the finite state machine is designed to receive a 

: ■ I 

clock signal and an input signal and provide:^selective activation signals for the first, second and 
[2 third switches in response thereto. 

55. The invention of claim 54 wherein a second terminal of each of the plural 
capacitive elements is connected to said sourc J^of a second potential. 

56. The invention of claim 55 wherem each of the capacitive elements has a 



capacitance which is at least an order of magnitude greater than the capacitance of the load. 

57. A method for efficientlv charging and discharging a capacitive load fi-om a single 
voltage source including the steps of: 

providing a first switch for selectivelv connecting the voltage source to the load; 
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providing a second switch^rVelectivelv providing a short across the load: 
providing plural capacitive elements: 



providing plural third switches for selectively connecting each of the capacitive elements 
to the capacitive load: and 

selectively activating the first.lsecond and third switches to gradually charge or discharge 
the capacitive load, 

whereby energy is recovered from the capacitive load and whereby the recovered energy 




i'S 58. A system for chargjingand discharging a capacitive load, comprising: 

jfs a first switch to charge the load: 



Si 



s a second switch to discharge the loau: 



t 

Q 



a capacitive element: and 
a switch assembly to connect and disconnect the capacitive element to and from the 



1^-2 capacitive load to gradually charge or discharge the capacitive load in conjunction with the 



operation of said first switch and said second switch. 



whereby energy is recovered from the\capacitive load and whereby the recovered energy 

\\ 

is always stored substantially only m capacitance. 

59. The system of claim 58 wherein\aid switch assembly includes a third switch 
connected between said capacitive element and ^id capacitive load. 

60. The system of claim 59 wherein sa\switch assembly includes means for 

\ 

selectively activating the first, second and third switches. 



-4- 



Docket No. 18036-29 



61. The system of claim 60 viherein the capacitive load has a first terminal connected 



to the first switch and a second terminal connected to a source of a potential 



62. The system of claim 61 wherein the second switch has a first terminal connected 
to the first terminal of the capacitive loadland a second terminal connected to said source of a 
potential. 

63. The system of claim 62 wherein said third switch has a first terminal connected to 

f 

the first terminal of the capacitive load and a second terminal connected to a first terminal of said 



capacitive element. 

64. The system of claim 58 



erein said switch assembly includes a finite state 




SI 

H machine. 

'-n 65. The system of claim 5^S(tferein ftie switch assembly includes a control circuit for 

:-J \\ I 

'•"^ providing selective activation signals for mei first, second and third switches. 

u — — ■ — 

66. The system of claim 65 wherginfa second terminal of said capacitive element is 
Z connected to said source of a potential. 

'T 67. The system of claim 66 wherein a capacitance of said capacitive element is at 

\ 

least an order of magnitude greater than a capacitance of the capacitive load. 

\ 

68. The system of claim 58, further comprising: 
at least two capacitive elements, 

such that said switch assembly selectively connects each of said at least two 

capacitive elements to the capacitive load. 

69. The system of claim 58, wherein saidii capacitive element is a capacitor. 

70. The system of claim 58, wherein said\witch assembly includes a control circuit. 



\ 



f 
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71 . The system of claim 58, wherein said switch assembly includes a control circuit 



embodying a plurality of MOSFETS. 

72. A system for charging and discharging a capacitive load from a voltage source 



comprismg: 

a first switch to charge the load: 



a second switch to discharge the load: 



a capacitiye element: and 
a switch assembly to connect arid disconnect the capacitive element to and from the 



.Pi 



3 capacitiye load to charge or discharge the capacitive load in a plurality of steps, 

^ whereby energy is recovered fr^Li the capacitive load and whereby the recovered energy 

*0 \ 111 

is always stored substantially only m cap^tance. . 

3 VI \ J 

,4, 73. A method for chargingland discharging a capacitive load from a voltage source ^ 

;3 comprising: 




charging the capacitive load with^e voltage source: 

discharging the capacitive load by connecting the capacitive load through a switch 



assembly to at least one capacitive element:Aand 

\ 

disconnecting the at least one capacitive element from the capacitive load, 
whereby energy is recovered from theicapacitive load and whereby the recovered energy 



w ■ 



is always stored substantially only in capacitance. 

74. The method of claim 73, fiirther^eomprising: 
operating the switch assembly tolequentiallv discharge the capacitive load 



through at least two capacitive elements. 
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75. A method for chargmg; and discharging a capacitive load from a voltage source 



comprising: 

charging the capacitive load 



with the voltage source: 



step in a capacitive element: and 

disconnecting the capacitive 



temporarilv storing the charge from the capacitive load for use in a subsequent charging 



element from the capacitive load. 



whereby energv is recovered 



from the capacitive load and wherebv the recovered energy 



m 

m 



is always stored substantially only id capacitance. 

76. A system for chargi^ and discharging a load with a source comprising: 
a first switch to charge the lo 
a second switch to dischan 




a capacitive element: and 

a third switch to selectively cdWect and disconnect the capacitive element to and from 
the load, 

wherebv energy is recovered from the load and is alv^avs stored substantially only in 



capacitance. 



77. A system for at least one of charging and discharging a capacitive load in 



N y 



steps, N being greater than L comprising: 

N-1 capacitive devices: and j; 

ll 

a first switching device operable to selectively couple and de-couple the N-1 capacitive 



devices to and from the capacitive load during at least one of a charging and a discharging of the 



capacitive load. 



t 
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L 



whereby energy is recovered from the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance. 

I 

78. A system of claim 77, wherein the first switching device is operable to 



selectively couple and de-couple the N-1 capacitive devices to and from the capacitive load 



during both the charging and the discharging of the capacitive load. 



79. The system of claim 77i wherein each of the N-1 capacitive devices includes a 



capacitor. 

" 80. The system of claim 79 



wherein a capacitance of the capacitor is greater than a 



capacitance of the capacitive load. 

81 . The system of claiiNj7'#! wherein the first switching device includes a MOSFET. 



82. The system of claim m wherein the selective coupling and de-coupling of the N- 



1 / . . 

1 capacitive devices to the capacitivexlgaa causes at least one of the charging and the dischargmg 



of the capacitive load to occur in the ^steps 



83. The system of claim 77 



fiirther comprising: 



a second switching device operable to selectively couple the capacitive load to a voltage 
source: and 

a third switching device operable to selectively provide a short across the capacitive load. 



84. A system for at least one 



comprismg: 

a plurality of capacitive devices: 



of charging and discharging a capacitive load 



J 



and 
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a first switching device operable io selectively couple and de-couple the plurality of 



capacitive devices to and from the capac tive load during at least one of a charging and a 



discharging of the capacitive load. 

whereby energy is recovered frorh the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance 



85. The system of claim 84. wherein the first switching device includes a plurality of 



MQSFETs. 

86. The system of claim 84 i^erein the first switching device is operable to 



selectively couple and de-couple the plurality of capacitive devices to and from the capacitive 
load during both the charging and the discharging of the capacitive load. 

87. The system of claim 84Ywherei]/each of the plurality of capacitive devices 
includes a capacitor. 

88. The system of claim 87. ^^herein a capacitance of the capacitor is greater than a 




capacitance of the capacitive load. 



plurality of capacitive devices to and fror 


1 the capacitive load causes at least one of the charging 


and the discharging of the capacitive loac 


to occur in a plurality of steps. 



90. The system of claim 84. comprising: 



a second switching device operable to selectively couple the capacitive load to a voltage 



source: and 

a third switching device operable to selectively provide a short across the capacitive load. 



\ 



t 
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91. A method for at least 


one of charging and discharging a capacitive load 


comprisine: 





J 

selectively coupling and de-coupling a capacitive device to and from the capacitive load 



to cause at least one of the charging! and the discharging of the capacitive load to occur in a 



plurality of steps, 

whereby energy is recovered from the capacitive load and whereby the recovered energy 



1:0 
m 

\a1 



O 



is always stored substantially only in capacitance. 

92. A method of chargiiig and discharging a capacitive load in N steps, N being 
greater than L comprising: 

charging the capacitive 1^ 

discharging the capacitile lo^ad 

storing at least a portion^ 



capacitive devices for use in a subsequentfcharging step: and 

w / 

caoacitiy 



charge discharged during the discharging step in N-1 
L 



disconnecting each of the capacitive devices from the load at some point during the N 



whereby energy is recovered from the capacitive load and whereby the recovered energy 



steps. 



is always stored substantially only inbapacitance. 

93. A system for charging and discharging a capacitive load, comprising: 



a discharge switch to discharge the load: 

I 

N-1 capacitive elements, N being greater than 1: 



a switch assembly including ^ 



-1 switches to respectively couple and de-couple the N-1 



capacitive to and from the load to charge or discharge the load: and 
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an Nth switch to couple the \ad to a power supply voltage. 



whereby energy is recovered 



from the capacitiye load and whereby the recovered energy 



is always stored substantially only iri capacitance. 

94. The system of claim 93 wherein N is an integer having a value of at least 2. 



95. The system of claim 93 wherein N-2. 

96. The system of claim 93 wherein first leads of each of said N-1 capacitive 

jl 

elements are connected together andi wherein second leads of each of said N-1 capacitive 
elements are connected to respectivi ones of said N-1 switches. 

97. A system for charging and discharging a capacitive load, comprising: 
a discharge switch to dis^arg^he load: 



N-1 capacitive elements. Ij^beingll greater than 1: 
T a switch assembly including N-1 switches to respectively couple and de-couple the N-1 

3 capacitive elements to and from the loa^to charge or discharge the load in N-1 steps: and 

an Nth switch to couple the Idiad fo a power supply voltage, 

□ I 

□ whereby energy is recovered from the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance. 

I .. .. 

98. A system for charging and discharging a capacitive load, compnsmg: 



2l discharge switch to discharge the load: 

N-1 capacitive elements. N being greater than 1: 

a switch assembly including N- It switches to respectively couple and de-couple the N-1 



capacitive elements to and from the load said N-1 switches being closed and opened in 

\ 

succession for charging or discharging the load in N-1 steps: and 
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an Nth switch to couple the load t 



a power supply voltage. 



whereby energy is recovered from the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance. 

[i . 

99. A system for charging and discharging a capacitive load, comprising: 



a discharge switch to discharge the load: 



N-1 capacitive elements, N being! greater than 1: 

a switch assembly including N-Jlwitches to respectively couple and de-couple the N-1 



: n 



charge storage elements to and from theiload for charging or discharging the load: and 
an Nth switch to couple the load to a power supply voltage: 

wherein first leads of each of saiaN-l capacitive elements are connected together and 
wherein second leads of each of said mi/capacitive elements are connected to respective ones of 
said N-1 switches, 

whereby energy is recovered fro^m ttfe capacitive load and whereby the recovered energy 

is always stored substantially only in capamance. 

J' y 
100. A system for at least one of charging and discharging a capacitive load in N ^ 



steps, comprising: 

N-1 capacitive elements, N being greater than 1: and 



a switch assembly to selectively [couple and de-couple the N-1 charge storage elements to 
and from the capacitive load, 

whereby energy is recovered from the capacitive load and whereby the recovered energy 
is always stored substantially only in capacitance. 
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101. The system of claim 100. wl/erein the switch assembly includes N-1 switches. 



each coupled to a respective one of the N-r capacitive elements. 

f 

1 02. The system of claim 100. further comprisine a power supply switch to couple the 
capacitive load to a power supply. 

103. The system of claim 100, further comprising a discharge switch to discharge the 



load capacitor. 

1 04. The system of claim 1 00. 



wherein the switch assembly selectively couples and de- 



couples the N-1 capacitive elements to the capacitive load one at a time 




i p 



1 05 . The system of claim LOO 



wherein each of the capacitive elements comprises a 



capacitor. 



106. The system of claim 110@. twherein N>2. 




107. The system of claim IQQ. 



wherein N=2. 



108. A system for at least on^f/harging and discharging a capacitive load, 



compnsmg: 

a plurality of capacitive elements:' 



and 



a switch assembly to selectively couple and de-couple the capacitive elements to and 



from the capacitive load one at a time. 

whereby energy is recovered from^ 



^the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance. 

1 

109. The system of claim 108. wherein the switch assembly includes a plurality of 
switches, each coupled to a respective one! of the plurality of capacitive elements. 
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110. The system of claim 108, yther comprising a power supply switch to couple the 
capacitive load to a power supply. 

111. The system of claim 108, ffurther comprising a discharge switch to discharge the 



load capacitor. 

1 12. The system of claim 108, 



capacitor. 



wherein each of the capacitive elements comprises a 



113. A system for at least one of charging and discharging a capacitiye load. 



compnsmg: 



a plurality of capacitive elements, each having a first lead and a second lead: and 



111 



I ^ a plurality of switches to selectiii^y couple and de-couple the capacitive elements to and 

ffi from the capacitive load, 

wherein all of the first leadsM'f the capacitive elements are connected together and 
O wherein each of the second leads of thg capacitive elements is connected to a respective one of 




;|„ the switches, 

: H 
•:w 

:2 whereby energy is recovered! from the capacitive load and whereby the recovered energy 

! 

is always stored substantially only in capacitance. 

1 14. The system of claim il 13, fiirther comprising a power supply switch to couple the 
capacitive load to a power supply. 

115. The system of claim il 13, fiirther comprising a discharge switch to discharge the 
load capacitor. 

116. The system of claim !ill3, wherein each of the capacitive elements comprises a 



capacitor. 
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117. A system for at least one of charging and discharging a capacitive load in a 
plurality of steps, comprising: 

a plurality of capacitiye elements, each capable of storing an amount of charge 

f 

corresponding to a voltage across the capacitive element: and 

I 

a plurality of switches to selectively couple and de-couple the capacitive elements to and 
from the capacitive load, 

wherein the voltages across said capacitive elements are self-stabilizing over a full 
charge/discharge cycle, 

Q whereby energy is recovered &om the capacitive load and whereby the recovered energy 



y is always stored substantially only im capacitance. 

i.fl 



118. A system for at least lor 



larging and discharging a capacitive load. 



m 

i'l comprising: . 

Q a capacitor having a first end ^^upled to a first potential source and a second end: 



a first switch having a first endicoupled to the second end of the capacitor and a second 



7 

-3 end coupled to the capacitive load, thd 



second end of the capacitor not being coupled to any other 



component: 

a second switch having a first 



;nd coupled to the first potential source and a second end 



coupled to the second end of the first iswitch and the capacitive load: and 

I 

a third switch having a first end coupled to a second potential source and a second end 



sis 



coupled to the second end of the firsti switch, the second end of the second switch, and the 
capacitive load. 
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whereby energy is recovered from the capacitive load and whereby the recovered energy 
is always^ stored substantially only in capaci^ce! 

119. A system for charging and discharging a capacitive load comprising: 
one or more capacitors: and 

a switching system coupled to said c'apacitors and the load, said switching system 

I 

configured to cause the capacitors to couple! to the load: to cause the capacitors to derive 
substantially all of their charge from only tie load during the discharging of the load: and to 
cause the capacitors to charge the load wit J charge from the capacitors. 



whereby energy is recovered from the capacitive load and whereby the recovered energy 



^ "'^j is always stored substantially only in capacitance. 




120. A method for charging andljdischarging a capacitive load comprising: 
coupling one or more capacitorsito the load: 




charging the capacitors only \va\h/charge delivered from the load: and 



charging the load with charge from/the capacitors, 

whereby energy is recovered from the capacitive load and whereby the recovered energy 

f 

is always stored substantially only in capacitance. 

121. A system for charging and discharging a capacitive load in N steps comprising: 
N-1 capacitors, N being greater than 1: and 

N-1 switches, each having a firsfl and a second connection, each of said first connections 
being connected to only one of said capacitors, 

whereby energy is recovered frcin the capacitive load and whereby the recovered energy 
IS always stored substantially only in capacitance. 
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122. A method for repeatedly chargine and discharging a capacitive load in a plurality 
of steps comprising: 

selectively coupling one or more capacitors to the capacitive load during a first charging 
cycle and not transferring any substantial charge from the capacitors to the load during the first 
charging cycle: and 

selectively coupling the capacitors ito the load during a discharging cycle and transferring 
substantial charge to the capacitors from ttie load during the discharging cycle. 
\ whereby energy is recovered frona^e capacitive load and whereby the recovered energy 

Q is always stored substantially only in^p^lc Jance. 



123. The method of claim 1'^ furttiCT comprising: 

selectively coupling the capacitorsC^he llad during a second charging cycle and 

s 1 r / 

transferring substantial charge from the capacitors to the load during the second charging cycle. 



i;3 124. The method of claim 12aauring which the charge on each of the capacitors 



M substantially stabilizes^ after the first charging and discharging cycle 



125. A method for repeatedly I charging a capacitive load that is discharged between 
charges comprising: 

charging the capacitive load in only one step during a first charging cycle: and 



charging the capacitive load in alpluralitv of steps after the first charging cycle. 



whereby energy is recovered from the capacitive load and whereby the recovered energy 



is always stored substantially only in capacitance. 

126. The method of claim 125! fiirther comprising discharging the capacitive load after 
the first charging cycle in a plurality of steps. 
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